Object. Various factors have been reported in literature to be associated with the development of posttraumatic meningitis. There is a paucity of data regarding skull fractures and facial fractures leading to CSF leaks and their association with the development of meningitis. The primary objective of this study was to analyze the US Nationwide Inpatient Sample (NIS) database to elucidate the factors associated with the development of posttraumatic meningitis.
H ead injury accounts for significant mortality and morbidity in the US, with approximately 1.5 million persons per year being reported to have a head injury. 26 Apart from the traumatic brain insult and associated hemodynamic alterations, various factors, including posttraumatic meningitis and CSF fistula, are recognized as prognostic parameters in the clinical spectrum associated with head injury. Additionally, the development of meningitis has shown to contribute substantially to increased mortality and morbidity in such patients. 1, 2, 23, 32 Various factors that are associated with the development of posttraumatic meningitis include skull fractures, facial fractures (mainly involving the paranasal sinuses), otological injuries, development of CSF fistulas, and pneumocephalus. 6, 8, 13, 15, 16, 20, 25, 31 Typically, fractures of the skull or facial bones may lead to the formation of CSF fistulas, which in turn increase the likelihood of meningitis. 25 There are limited data to support an independent association of meningitis with skull fractures, facial fractures, and subsequent CSF leaks. 8, 13, 16, 20 Further, it is unclear whether particular subtypes of skull fractures (closed skull base fractures, open skull base, cranial vault fractures) are associated with increased risk of meningitis. 5, 24 We analyzed the NIS database to study the factors associated with the development of meningitis during the hospital stay in patients admitted for head injury. Additionally, cases in which patients were admitted for head injuries and did not undergo any major neurosurgical procedure were studied to assess the escalation of total hospital cost due to posttraumatic meningitis, CSF otorrhea, or CSF rhinorrhea.
Methods
The NIS is part of HCUP, which is sponsored by the Agency for Healthcare Research and Quality, formerly the Agency for Health Care Policy and Research. The NIS is the largest all-payer inpatient care database that is publicly available in the US. It contains data from 5-8 million hospital stays in about 1000 hospitals, which approximate a 20% stratified sample of US community hospitals. The NIS is drawn from those states participating in HCUP.
Nationwide Inpatient Sample data from the 2005-2009 period were analyzed. Both CCS and ICD-9-CM codes were used. The CCS coding system was developed at the Agency for Healthcare Research and Quality as a tool for clustering patient diagnoses and procedures into a manageable number of clinically meaningful categories. It collapses diagnosis and procedure codes from the IDC-9-CM. We used single-level CCS codes 228 (skull and face fractures) and 233 (intracranial injury) to extract data from 25,669 hospitals.
Categorical Variables
The following categorical variables were used in this study. 
Patients

Comorbidity Accumulation Index
Data from 382,267 cases were assessed on an individual basis, and a comorbidity accumulation index was calculated. The following comorbidities were studied: acquired immune deficiency syndrome (AIDS), alcohol abuse, deficiency anemias, rheumatoid arthritis/collagen vascular diseases, chronic blood loss anemia, congestive heart failure, chronic pulmonary disease, coagulopathy, uncomplicated diabetes, diabetes with chronic complications, drug abuse, hypertension, hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, metastatic cancer, other neurological disorders, obesity, paralysis, peripheral vascular disorders, pulmonary circulation disorders, renal failure, solid tumor without metastasis, peptic ulcer disease excluding bleeding, valvular disease, and weight loss.
The comorbidity accumulation indices of individual patients ranged from 0 to a maximum of 12 (Table 1) . Quartiles were calculated, and patients with comorbidity indices above the 75th percentile (comorbidity index of 2 or more) were assigned to the high comorbidity index group.
Hospital Cost
Hospital costs were determined by the coded variable "total charges" in the NIS data. Total hospital cost was analyzed in the cohort of patients who did not undergo a major neurosurgical procedure, and quartiles were created to stratify the admissions by cost. Patients whose total hospital expenditure was less than $11,624.00 formed the lower quartile group (expenses below the 25th percentile), those whose hospital expenditure was between $11,624.00 and $21,730.00 were in the lower middle quartile (expenses between the 25th and 50th percentiles), those whose hospital expenditure was between $21,730.00 and $42,111.00 were in the upper middle quartile (expenses between the 50th and 75th percentiles), and those whose expenditure was more than $42,111.00 formed the upper quartile group (expenses higher than the 75th percentile). The cohort whose incurred hospital cost was above the 75th percentile was compared with each of the other cohorts.
Statistical Methods
Meningitis in the head injury patients was the dependent variable studied. Preliminary analysis for association was done using the Pearson chi-square test. The relationships between dependent and independent variables were studied using a multivariate binary logistic-regression model through which p values, odds ratios, and confidence intervals were generated. To study the intergroup differences in the mean of total hospitalization charges, we used a box plot ( Fig. 1 ) to determine the distribution of the data. Since the data were significant for outliers, we used the nonparametric Wilcoxon rank sum test or Kruskal-Wallis test to determine the statistical significance (p < 0.05). Statistical analysis was done using IBM SPSS Statistics 20 and JMP 9 (SAS Institute, Inc.).
Results
Study Population
A total of 382,267 inpatient admissions for head injury were recorded from 2005 through 2009. Of these patients, 280,140 had head injuries and no skull or facial fractures, whereas 102,127 admissions were for head injuries with skull and facial fractures. Meningitis was reported in a total of 0.2% of the patients admitted with head injury (708 patients). Among the patients admitted for head injury with fractures, closed skull base fractures, open skull base fractures, cranial vault fractures, and maxillofacial fractures were reported in 20,524 (5.4%), 1089 (0.3%), 5064 (1.3%), and 88,649 (23.2%) cases, respectively. In these patients, meningitis was reported in 0.17%, 0.18%, 0.05%, and 0.10%, respectively.
Cerebrospinal fluid rhinorrhea was reported in 453 head injury admissions (0.1%) and CSF otorrhea in 582 head injury admissions (0.2%). Of the patients reported to have CSF rhinorrhea, 35 (7.7%) developed meningitis, whereas in the cohort with CSF otorrhea, 15 (2.6%) developed meningitis. In the cohort of patients who underwent a major neurosurgical procedure, meningitis was seen in 0.76% cases, whereas in the conservatively managed group it was seen in 0.11%; this difference was statistically significant (p < 0.0001). The incidence of posttraumatic meningitis in these 2 groups stratified by presence of absence of CSF leak is show in Table 2 ).
Factors Predicting Posttraumatic Meningitis
Based on the review of literature and considering the availability of clinical factors in the NIS database, variables were selected to analyze the association with the development of posttraumatic meningitis. They included: 1) closed skull base fractures; 2) open skull base fractures; 3) cranial vault fractures; 4) CSF rhinorrhea; 5) CSF otorrhea; 6) major neurosurgical procedures; 7) an comorbidity index of more than 2; 8) skin or wound infections; 9) maxillofacial fractures; and 10) head injury without skull or facial fracture. A test of association was done using the Pearson chi-square test followed by Fig. 1 . Box plots representing the mean hospitalization charges in patients with and without meningitis who were admitted with head injury and did not undergo any major neurosurgical procedure. The arrows point toward the group means. The box plot shows significant outliers in the study population for which a robust nonparametric Wilcoxon ranksum test was used to determine statistical significance. logistic-regression model analysis. The latter showed that CSF rhinorrhea (p < 0.001, OR 22.8, 95% CI 15.6-33.3), CSF otorrhea (p < 0.001, OR 9.2, 95% CI 5.2-16.09), and major neurosurgical procedures (p < 0.001, OR 5.6, 95% CI 4.8-6.5) were independent predictors of the development of meningitis (Table 3 ). The regression model was adjusted with the above-described covariates so that it could predict independent associations. As expected, undergoing a major neurosurgical procedure independently increased the odds of posttraumatic meningitis (by 5.6 times) as compared with no major neurosurgical intervention. The presence of CSF rhinorrhea or otorrhea independently increased the odds of posttraumatic meningitis by 22.86 and 9.2 times, respectively (after adjusting for neurosurgical procedures and other covariates).
Cases With CSF Leaks and Undiagnosed Fractures
We analyzed the database to identify the cases in which head injury patients developed CSF leaks without a diagnosis of skull or facial fracture. In 228 (50.3%) of the admissions in which patients had CSF rhinorrhea and 373 (64.1%) of those in which patients had CSF otorrhea, no concomitant skull or facial fracture was reported ( Table 4) .
Association of CSF Leak and Type of Fracture
We further analyzed the database to determine an association between the various types of skull fractures or maxillofacial fractures and the development of CSF rhinorrhea or CSF otorrhea. We found that the presence of closed skull base fractures was an independent predictor of the development of a CSF leak (Table 5) 
Impact of Meningitis and CSF Fistula on Cost of Hospitalization
The effect of posttraumatic meningitis and CSF fistula on the overall hospitalization cost was studied. Patients undergoing any major neurosurgical intervention (see Methods) were excluded from the cost analysis as the procedure itself could have escalated the cost. The total cost of hospitalization in the cohorts of head injury patients with and without posttraumatic meningitis was $35,109,541 (399 admissions, 11 missing values) and $13,912,533,097 (338,316 admissions, 4366 missing values), respectively. Using the nonparametric Wilcoxon rank-sum test to adjust for outliers, the comparison of the means showed statistically higher cost of hospitalization charges in the patients who had head injury with meningitis than in those without meningitis ($42,808 vs $32,319, p < 0.0001, Z = 11.2)
In addition, the NIS head injury database was was analyzed using a quartile system (see Methods). Head injury admissions with an overall cost of hospital stay greater than the 75th percentile ($42,111.00) were categorized as having increased hospitalization cost. Since the presence of comorbidities, wound infections, respiratory failure, coronary artery disease, and different types of fractures may influence the cost of hospitalization, these variables were studied together in a logistic-regression model. Cerebrospinal fluid rhinorrhea (p < 0.001, OR 2.0, 95% CI 1.6-2.7), CSF otorrhea (p < 0.001, OR 2.3, 95% CI 1.9-2.7), and posttraumatic meningitis (p < 0.001, OR 3.1, 95% CI 2.5-3.8) were independent factors associated with escalating costs of head injury in patients not requiring any surgical intervention (Table 6 ).
Discussion
In the literature, the incidence of posttraumatic meningitis ranges from 0.38% to 10%. 23, 29 Posttraumatic meningitis was noted in 0.2% of the admissions in the NIS da- tabase. The median time of onset of meningitis after the injury generally ranges from 5 to 13 days, although it can manifest even several years after a head injury. 2, 11, 12, 14, 23 Our study focused on the development of posttraumatic meningitis during the same hospital stay (single admission) as the one occasioned by a head injury, which is a relatively rare event. 18, 21, 27 Posttraumatic meningitis is associated with considerable morbidity and mortality. 1, 2, 23, 32 Typically, a fracture involving the skull or neighboring facial structures may produce a breach in the meningeal layer and can result in CSF rhinorrhea, CSF otorrhea, or both. 24 Cerebrospinal fluid leaks following skull base fractures develop in approximately 10%-30% of cases. 8, 24, 32 Sometimes, due to the limitations of the standard imaging modalities, the skull base fractures are missed. High-resolution CT, cisternography, and MRI CISS 3D protocols are then used to locate the site of CSF leak. 17, 28 In the current NIS database study, for 50.3% of admissions in which the patients were reported to have CSF rhinorrhea and 64.1% of those in which they were reported to have CSF otorrhea, no skull or facial fracture was reported. Posttraumatic CSF rhinorrhea and otorrhea incidence increases after trauma to the frontal, ethmoid, and sphenoid bones. 6, 22, 24 In our study, closed skull base fractures independently predicted the development of CSF rhinorrhea (Table 5) .
Factors Predicting Posttraumatic Meningitis
In our study we found that no specific subtype of skull or maxillofacial fractures predicted the development of meningitis. On the other hand, CSF rhinorrhea, CSF otorrhea, and neurosurgical intervention did independently predict development of posttraumatic meningitis. 15, 16 What is the Role of Prophylactic Antibiotic Therapy?
Although most studies agree that CSF leak could be regarded as an important factor in the development of posttraumatic meningitis, results of studies of prophylactic antibiotic therapy have been equivocal. [3] [4] [5] 7, 9, 19, 24, 25, 30 Meta-analyses on this topic were published in 1997 3 and 1998. 30 Brodie 3 showed that the cohort of patients with posttraumatic CSF leakage treated with prophylactic antibiotic therapy had a significantly reduced incidence of meningitis. In contrast, Villalobos et al. 30 found that the antibiotic prophylaxis in patients with basilar skull fractures (independent of whether they had a CSF leak) did not significantly decrease the incidence of posttraumatic meningitis. A major limitation of these meta-analyses was that the findings were primarily based on retrospective and observational studies. Recently, Ratilal et al. 25 conducted another meta-analysis in which they reviewed 
randomized controlled studies (involving 208 patients).
The authors concluded that available evidence does not support the prophylactic use of antibiotics in patients with basilar skull fractures (with or without CSF leak). Although, they found a trend of decreasing incidence of meningitis in the treatment group on subgroup analysis of the cases with CSF leakage, it was not statistically significant. The authors mentioned that a study population of 798 patients was needed to achieve optimal statistical power. Some reports suggest that the use of antibiotic therapy in patients with CSF leaks associated with skull base fractures may increase the chances of meningitis rather than decreasing it. 4, 6, 7, 10, 30 The putative mechanism is via the eradication of commensal organisms and subsequent colonization of pathogenic flora. 6, 32 The results of the current NIS study add to the ongoing debate regarding prophylactic antibiotic therapy in head injury patients with CSF leaks. We found that CSF leaks independently predict the development of meningitis in head injury patients. We hope that this study will lay a foundation for a focused prospective trial to study the efficacy of prophylactic antibiotic therapy in reducing the incidence of meningitis in patients presenting with posttraumatic CSF leaks.
Impact of Posttraumatic Meningitis and CSF Fistula on the Cost of Hospitalization
There is a consensus in the literature that meningitis considerably increases the odds of mortality, morbidity, and length of stay in the head injury patients. We evaluated whether CSF fistulas and posttraumatic meningitis lead to increased hospitalization cost in the NIS database. As described in Methods, we categorized the NIS database "total charges" variable into quartiles. Admissions with hospital cost above the 75th percentile were compared with the rest. To remove the bias of neurosurgical intervention, we included in the analysis only those head injury admissions in which patients did not undergo any neurosurgical intervention. The mean cost of total hospitalization charges was significantly higher in the cohort of head injury patients with concomitant meningitis than in those in whom meningitis was not reported. Furthermore, we found that the presence of posttraumatic meningitis, CSF rhinorrhea, or CSF otorrhea significantly escalated the cost of hospital stay independent of subtype of skull/facial fractures, comorbidities, and skin infection ( Table 6 ).
Limitations of the Study
When studying a population-based database like NIS, coding errors are possible, although every effort was made to extract the data on the basis of the ICD-9-CM codes and the CCS codes from the database.
Previous studies have also suggested a role for pneumocephalus in the development of posttraumatic meningitis. This factor could not be included in our study because there is no ICD-9 code for pneumocephalus. It is usually coded under ICD-9 code 348.89, which is a heterogeneous diagnostic code for "other conditions of brain." As there is no separate code for "lumbar drain," it could not be included in the neurosurgical procedure group; the code for cisternal puncture was used.
Delayed or recurrent meningitis is a known entity in head injury patients. Since the NIS database codes a single inpatient admission as 1 identity, it is not possible to follow up on a patient using this database. Therefore, our study does not comment on delayed meningitis due to an occult CSF fistula after the patient was discharged from the hospital. The usage of prophylactic antibiotic therapy or the lack of it could not be studied as there is no ICD-9 code for it.
Conclusions
This NIS database study found that CSF rhinorrhea and CSF otorrhea are independent predictors of posttraumatic meningitis. Additionally, posttraumatic meningitis and CSF fistula may lead to a significantly increased cost of hospitalization. We recommend focused prospective trials to study the efficacy of prophylactic antibiotics in reducing the incidence of posttraumatic meningitis, especially in patients presenting with posttraumatic CSF leak.
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